Objective: The objective of this study was to evaluate the efficacy and toxicity of docetaxel in combination with prednisolone in Japanese patients with hormone refractory prostate cancer. Methods: Twenty patients with hormone refractory prostate cancer (HRPC) were administered a treatment regimen consisting of docetaxel 75 mg/m 2 once every 3 or 4 weeks and prednisolone 5 mg twice daily at our institution between 2006 and 2008. Results: The patients received a median of 5.5 cycles of treatment (range, 2 -12 cycles). Nine of the 20 patients (45%) had a !50% decrease in serum prostate-specific antigen (PSA). The median duration of response was 4 months (range, 1 -11 months). The number of cycles performed, the presence of bone metastasis and the extent of disease had statistically significant associations with the response. Three patients had a transient PSA rise among the patients who ultimately had a response. Grade 3/4 leukopenia and neutropenia occurred in 80.0% and 85.0% of the patients, respectively. Interstitial pneumonia occurred in only one patient; however, the patient recovered. Finally, no treatment-related deaths were seen during the observation period. Conclusions: The combination of docetaxel 75 mg/m 2 every 3 weeks and prednisolone 10 mg daily was effective and well tolerated in Japanese patients with HRPC. The results of this study suggest that a decision concerning discontinuation of this treatment should be carefully considered because a transient PSA rise was observed. Although interstitial pneumonia was rare, the potential risk of its development should be taken into consideration.
INTRODUCTION
As prostate cancer initially grows in an androgen-dependent manner, androgen deprivation therapy is effective in $80% of the patients with metastatic prostate cancer (1) . However, prostate cancer eventually becomes refractory to hormone treatment (HT). The prognosis for patients with hormone refractory prostate cancer (HRPC) remains poor, with a median survival of $12 months (2) . There are some treatment options for patients with HRPC, such as chemotherapy. Although chemotherapy for HRPC has been evaluated for many years, the results for most agents have been disappointing and they have been used as palliative therapy with no survival benefit. In the late 1990s, some trials demonstrated that the combination of mitoxantrone and corticosteroids could provide pain relief and decreases in prostate-specific antigen (PSA), with improved quality of life (QoL) compared with corticosteroid alone; however, there was no improvement in survival (1, 3) .
Single agents such as docetaxel and steroid have shown similar results. Daily use of single-agent prednisone (10 mg/ day) produced a 22% PSA response rate (RR) and a 38% improvement in QoL measures in patients with HRPC. However, this improvement lasted a median of only 1 month (4) . Also, docetaxel (75 mg/m 2 every 3 weeks) produced a 46% PSA RR in patients with HRPC and responses were maintained for a median of 9 months (5). However, this treatment did not demonstrate a survival benefit in patients with HRPC.
Recently, some studies examining combination treatment consisting of docetaxel and steroid have shown a survival benefit in patients with HRPC. In the TAX 327 Phase III randomized trial, the patients were divided into three groups ( prednisone 5 mg twice daily plus either docetaxel 75 mg/m 2 every 3 weeks, docetaxel 30 mg/m 2 weekly for 5 out of every 6 weeks or mitoxantrone 12 mg/m 2 every 3 weeks). The median overall survival with docetaxel 75 mg/ m 2 every 3 weeks was statistically longer than that with mitoxantrone 12 mg/m 2 every 3 weeks (18.9 vs. 16.5 months, P ¼ 0.009) (1) .
Thus, the combination of docetaxel and steroid was found to be an effective treatment for HRPC in the USA. However, there have only been a few reports on this combination in Japan. In a Phase II study in Japanese patients with HRPC who received docetaxel 70 mg/m 2 every 3 weeks, the efficacy of docetaxel plus prednisolone (DP) was proven (6) . However, to our knowledge, there has been no study conducted in Japan that examined the same dose of docetaxel as that used in the TAX 327 study (75 mg/m 2 every 3 weeks). In this study, we retrospectively reviewed patients who received docetaxel 75 mg/m 2 every 3 weeks and prednisolone 10 mg daily for HRPC in order to evaluate the efficacy and toxicity of the treatment.
PATIENTS AND METHODS

PATIENT CHARACTERISTICS
A total of 20 patients received DP for HRPC at our institution between 2006 and 2008. The treatment regimen consisted of docetaxel 75 mg/m 2 once every 3 weeks and prednisolone 5 mg twice daily. These patients had received permission to undergo this novel treatment which had not yet been approved by the Ministry of Health, Labor and Welfare in Japan. We carefully explained the anticipated clinical response and possible side effects of the treatment. This regimen was approved by the Oncology Board of Keio University Hospital.
This regimen was given if the patients met the following criteria: an Eastern Cooperative Oncology Group (ECOG) performance status of 0 -2, adequate baseline bone marrow function (neutrophil count !2000/mm 3 and platelet count !100 000/mm 3 ), adequate hepatic function (total bilirubin level 1.5 mg/dl, aspartate aminotransferase and alanine aminotransferase levels 1.5Â the upper limit of normal) and adequate renal function ( 1.5Â the upper limit of normal). Exclusion criteria were no prior treatment with cytotoxic agents (except estramustine) or radioisotopes, no history of other cancer within the preceding 5 years, no symptomatic peripheral neuropathy corresponding to the National Cancer Institute Common Toxicity Criteria (NCI-CTC) of Grade !2 and no other serious medical condition. There had to be at least 4 weeks between prior surgery or radiotherapy and this treatment.
The characteristics of the 20 patients are shown in Table 1 . They had histologically confirmed adenocarcinoma of the prostate and had had disease progression during HT. Chlormadinone acetate or flutamide must have been stopped at least 4 weeks before the last PSA evaluation, whereas bicalutamide had to have been stopped at least 6 weeks beforehand, so as to avoid the possibility of confounding results due to the response to anti-androgen withdrawal. Disease progression was defined as three consecutive increases in PSA according to the criteria of the 3rd edition of General Rules for Clinical and Pathological Studies on Prostate Cancer of the Japanese Urological Association and Japanese Society of Pathology (7). The tumor was staged and graded according to the criteria of the 3rd edition of General Rules for Clinical and Pathological Studies on Prostate Cancer of the Japanese Urological Association and Japanese Society of Pathology (7).
CHEMOTHERAPY REGIMEN
The regimen used in the present study was as follows. On day 1, all patients received docetaxel 75 mg/m 2 , administered intravenously over a period of 1 h every 3 or 4 weeks and prednisolone 5 mg twice daily starting on day 1 and continuing throughout treatment. As premedications, we administered dexamethasone (16 mg intravenously) 30 min before docetaxel administration. Before each cycle of chemotherapy, laboratory tests were conducted to determine the 3 or inadequate hepatic or renal function was observed, treatment was delayed for several days until the laboratory test values had recovered. The dose of docetaxel was reduced by 10 mg/m 2 in subsequent treatment cycles if any of the following criteria were met: hemorrhage with Grade 3/4 thrombocytopenia or Grade 3/4 nonhematological toxicity that required dose reduction according to the investigator's judgment. If toxicities persisted after the dose of docetaxel was reduced by 20 mg/m 2 , patients were withdrawn from this study. Also, dose reduction or cessation of prednisolone administration was considered in cases of gastric ulcer, posterior subcapsular cataract, glaucoma, infection or for any other toxicities judged by the investigator. The patients were, in principal, admitted to our hospital at the time of the initial course of the treatment; however, if a patient had no or minor side effects, then we administered the treatment at an outpatient clinic.
RESPONSE CRITERIA AND TOXICITY ASSESSMENT
Tumor response was assessed according to the criteria of the 3rd edition of General Rules for Clinical and Pathological Studies on Prostate Cancer of the Japanese Urological Association and Japanese Society of Pathology (7). Complete response (CR) required a reduction from the normal value in the serum PSA level ( 4.0 ng/ml). Partial response (PR) required at least a 50% reduction in serum PSA. No change (NC) was defined as a ,50% reduction or a ,25% increase in serum PSA. Progressive disease (PD) was defined as at least a 25% increase in serum PSA or an increase from a normal value to an abnormal value. Toxicity was graded according to the NCI-CTC.
STATISTICAL ANALYSIS
The associations of responses to this treatment according to clinical and pathological features were assessed with the Wilcoxon rank sum test or the x 2 test for trends. Clinical and pathological factors assessed were age, Gleason score, PSA when DP treatment was started, the number of cycles performed, initial treatment, time to HRPC, prior estramustine, response to estramustine, the extent of disease and the presence of bone metastasis. A P value ,0.05 was considered to indicate statistical significance. These analyses were performed using an SPSS w , version 11.0, statistical software package.
RESULTS
RESPONSE
The patient received a median of 5.5 cycles of DP treatment (range, 2 -12 cycles).
Nine of the 20 patients (45%) had a major response (CR þ PR) to treatment. These patients achieved a PR at a median of 2 cycles (range, 1 -8 cycles). Three (15%) of these 20 patients achieved a CR at a median of 1 cycle (range, 1 -5 cycles). In one patient, PSA decreased from 37.23 to 2.72 after the first cycle was completed and the nadir was 0.28 after four cycles were completed. In another patient, PSA decreased from 12.7 to 3.72 after five cycles were completed and the nadir was 0.92 after nine cycles. In the other patient, PSA decreased from 14.7 to 3.27 after the first cycle and the nadir was 1.71 after seven cycles were completed.
The median duration of the response was 4 months (range, 1 -11 months). In patients with CR, the median duration of the response was 7 months, whereas in those with PR, the median duration of the response was 2 months. In addition, seven patients (35%) had NC and two patients (10%) had PD.
We defined the patients who achieved a CR or PR as responders and analyzed the differences in clinical and pathological characteristics, including age, Gleason score, PSA when DP treatment was started, the number of cycles performed, initial treatment, time to HRPC, prior estramustine, response to estramustine, the extent of disease and the presence of bone metastasis between responders and nonresponders. According to Table 2 , the number of cycles performed, the presence of bone metastasis and the extent of disease had a statistically significant association with the DP response. Fifty-five percent of responders had bone metastases, compared with 100% of non-responders (P ¼ 0.026). Also, the proportions of responders with soft tissue (lymph node, lung and liver) metastasis only, bone metastasis only and both soft tissue and bone metastasis were 44.4%, 44.4% and 11.1%, respectively, whereas those of non-responders were 0%, 45.5% and 54.5%, respectively (P ¼ 0.023). Thus, the proportion of patients with soft tissue metastasis only in responders was larger than that in non-responders. Also, the proportion of patients with concurrent soft tissue and bone metastasis in non-responders was larger than that in responders. Figure 1 shows that three patients had a transient PSA rise followed by a subsequent decline in serum PSA. Table 3 shows the PSA kinetics in these three patients. Two of the patients had an increase in PSA during the first 2 months following the initiation of DP treatment, whereas the other patient had an increase from 3 to 5 months following the initiation of DP treatment, followed later by a drop in serum PSA until finally the criteria for PR were reached.
TOXICITY
Hematological and non-hematological Grade 3/4 toxicities are summarized in Table 4 . Myelosuppression was the most frequent toxicity. NCI-CTC Grade 3 -4 neutropenia occurred in 17 patients (85%) and Grade 3 -4 leukopenia occurred in 16 patients (80%); however, Grade 3 -4 thrombocytopenia did not occur. Granulocyte colony-stimulating factor was given to 15 patients (75%); however, transfusion was not Jpn J Clin Oncol 2010;40(1) 81 required. One patient (5%) had interstitial pneumonia, possibly attributable to docetaxel. However, there were no severe non-hematological adverse events (Grade 4) or treatmentrelated deaths. Docetaxel dose reduction was required in two patients because non-hematological Grade 3 toxicity (diarrhea) was observed in both. However, prednisolone dose reduction was not required in any patients.
DISCUSSION
Recently, in both basic and clinical research, some evidence demonstrating the efficacy of docetaxel in combination with steroids for the treatment of HRPC has been presented. Basic research has shown that steroids enhanced the cytotoxicity of docetaxel against HRPC in in vitro and in vivo experiments. Furthermore, it was suggested that the mechanism of this combination treatment for HRPC might be associated with potentiation of the antiangiogenic activity of docetaxel by steroids (8) .
In the clinical research, some reports have examined docetaxel-based chemotherapy as a treatment for HRPC. The TAX 327 Phase III randomized trial used three groups: prednisone daily in combination with docetaxel administered every 3 weeks, with weekly docetaxel and with mitoxantrone Figure 1 . PSA kinetics in patients who had a transient PSA rise followed by a subsequent decline in serum PSA. PSA, prostate-specific antigen.
82 Docetaxel and steroid for prostate cancer administered every 3 weeks. The authors reported that the median overall survival with docetaxel given every 3 weeks was statistically longer than that with mitoxantrone given every 3 weeks (18.9 vs. 16.5 months, P ¼ 0.009) (1).
In the SWOG 99-16 trial, the patients were divided into two groups (docetaxel 60 mg/m 2 every 3 weeks in combination with estramustine 280 mg orally three times daily on days 1 -5 vs. mitoxantrone 12 mg/m 2 in combination with prednisone 10 mg daily). Median overall survival with docetaxel and estramustine was significantly longer than that with mitoxantrone and prednisone (17.5 vs. 15.6 months, P ¼ 0.02). However, the addition of estramustine to docetaxel was associated with additional toxicity, including cardiovascular events such as deep vein thrombosis. When compared with the group given mitoxantrone and prednisone, the group given docetaxel and estramustine had significantly higher rates of Grade 3 or 4 cardiovascular events (15% vs. 7%, P ¼ 0.001) (9) . Therefore, we hypothesized that docetaxel in combination with steroid might be appropriate for patients with HRPC on the basis of the promising efficacy results, relatively low toxicity profile and global evidence for improved survival.
Recently, a study examining the effects of docetaxel in combination with steroid in patients with HRPC was conducted in Japan (8) . The efficacy of DP has been proven in a Phase II study in Japanese patients with HRPC; however, the dose of docetaxel used was 70 mg/m 2 every 3 weeks. In the present study, we administered 75 mg/m 2 of docetaxel every 3 weeks and observed an RR of 45%, which was identical to that reported in the TAX 327 study (RR of 45%) and very similar to that in a Japanese Phase II study (RR of 44%).
With regard to toxicity, the incidences of Grade 3/4 neutropenia and leukopenia were 85% and 80%, respectively, in the present study, compared with 81.4% and 93.0%, respectively, in the Phase II study in Japanese patients with HRPC who were administered a reduced dose of docetaxel (70 mg/ m 2 every 3 weeks). In addition, the incidence of febrile neutropenia was 10.0%, compared with 16.3% in the Japanese Phase II study with a reduced dose of docetaxel, and there were no significant differences in the incidences of other side effects (6) . Therefore, it is believed that there is no significant difference between the incidence of toxicity in patients who received 70 mg/m 2 of docetaxel every 3 weeks and those administered 75 mg/m 2 . Although our present study was evaluated in a limited number of patients, our results indicated that 75 mg/m 2 docetaxel every 3 weeks might be tolerable in Japanese patients with HRPC.
In the present study, interstitial pneumonia was observed in one patient. The incidence of interstitial pneumonia in previous reports was only 0.2% and although it appears to be a rare complication of docetaxel treatment, it might be lifethreatening. It was also reported that a high cumulative dosage of docetaxel and a past history of lung disease were risk factors of severe interstitial pneumonia (10, 11) . In the present case, interstitial pneumonia occurred after only two cycles were completed and he did not have a past history of lung disease. The patient recovered after discontinuation of the treatment and the administration of steroid pulse therapy.
Thus, the potential risk of interstitial pneumonia in patients who undergo DP treatment should be taken into consideration, particularly in patients administered a high cumulative dosage of docetaxel or who have a past history of lung disease. Furthermore, we recommend that pulmonary function tests are conducted in all patients prior to DP treatment.
In the present study, the associations of the response to DP treatment according to clinical and pathological features were analyzed. As shown in Table 2 , the number of cycles performed, the presence of bone metastasis and the extent of disease had statistically significant associations with the DP response. It is thought that this result is natural with respect to the number of cycles performed because patients who respond to DP continue to receive DP treatment. In terms of the presence of bone metastasis, we obtained the same result as that of a previous report (12) . A higher sensitivity of soft tissue disease to docetaxel compared with mitoxantrone has also been reported (1) . The prognostic significance of the extent of metastatic disease has also been shown by previous investigators and it seems that this parameter is applicable to patients treated with docetaxel (13 -16). Bamias et al. (12) found that simultaneous bone and extraosseous disease predicted poor survival. Our result is in agreement with their finding. Figure 1 shows that three patients had a transient PSA rise among patients who had CR, PR or NC. Among these three patients, two had a PSA rise during the first 2 months following the initiation of DP treatment. In a previous report, it was shown that a significant proportion of patients with HRPC had an initial rise in serum PSA during the first 2 months following the start of chemotherapy, followed later by a drop in serum PSA, before finally reaching the criteria for CR, PR or NC. This 'post-chemotherapy PSA surge syndrome' was observed in 6 (20%) among 30 patients who exhibited a PSA response to chemotherapy in the report (17) . The prognostic value of this phenomenon is uncertain. Although it was reported that patients with a postchemotherapy PSA surge syndrome were at higher risk of early progression than those without, Thuret et al. (17) reported that there was no significant difference in progression-free survival between those with and without this phenomenon (18) . The mechanism of postchemotherapy PSA surge syndrome may involve increased cancer cell destruction, although presently there is no firm evidence to support this hypothesis (18) .
In one of the three patients who exhibited a transient rise in PSA in this study, the increase in PSA occurred from 3 to 5 months following the initiation of DP treatment, followed later by a drop in serum PSA, until finally reaching the criteria for PR. A similar finding was also reported in a previous study, and the authors indicated that this phenomenon was PSA secretion due to local inflammation (16) . However, to the best of our knowledge, no report has ever attempted to explain this phenomenon.
Since most transient PSA rises during chemotherapy were found within the first 2 months following the start of chemotherapy in previous reports and our study, perhaps at least three cycles should be performed if severe side effects do not develop. Furthermore, the results of the present study indicate that an immediate decision concerning discontinuation of DP treatment should not be made if an increase in PSA is observed in a patient who initially had a PSA response.
The combination of docetaxel 75 mg/m 2 every 3 weeks and prednisolone 10 mg daily might be effective and tolerable in Japanese patients with HRPC. Thus, this regimen may be appropriate for patients with HRPC not only in the USA but also in Japan.
CONCLUSION
In our population of 20 patients with HRPC administered docetaxel 75 mg/m 2 every 3 weeks and prednisolone 10 mg daily, a !50% reduction in PSA was observed in 45% of the patients. In addition, the side effects were tolerable and no treatment-related deaths were seen during the observation period.
Therefore, the combination of docetaxel 75 mg/m 2 every 3 weeks and prednisolone 10 mg daily might be effective and tolerable in Japanese patients with HRPC. However, the potential risk of interstitial pneumonia, especially in patients who receive a high cumulative dosage of docetaxel or have a past history of lung disease, should be taken into consideration as it may be a life-threatening adverse effect.
